Résumé. 2014 Une formulation de la polarisation en diffusion élastique est établie à partir de l'approximation semi-classique. La [4, 5] . We shall present a description of polarization, based on the recently perfected version of semiclassical theory, which includes these two types of behaviour (linear with angle or oscillatory) as special cases.
1. Introduction. - The qualitative behaviour of polarization in elastic scattering has long been obscure [1] . In the 1950's, semiclassical expressions were derived for polarization based on the Thomas form for the spin-orbit interaction [2, 3] . This yields a polarization that is proportional to scattering angle 0, when the central potential is imaginary. While the experimental data often shows a smoothly rising polarization with angle, the polarization often displays oscillations resembling the derivative of the elastic scattering cross section. Models for this derivative behaviour have been constructed, but they are completely ad hoc [4, 5] . We shall present a description of polarization, based on the recently perfected version of semiclassical theory, which includes these two types of behaviour (linear with angle or oscillatory) as special cases. In the modern semiclassical theory, scattering is described with a classical trajectory for the projectile together with a quantum phase for the particle on the trajectory. In cases of interest, there are two dominant trajectories leading from the incident beam direction to a given scattering angle. These trajectories pass each side of the nucleus, and their interference gives rise to the diffractive structure. Such a theory is wellsuited to a simplified description of polarization phenomena, since the spin-dependent potential will differ along the two trajectories on opposite sides of the nucleus.
The remainder of this paper is organized as follows.
In section 2 we recall the main results of the semiclassical method, together with some useful analytic approximations, and apply it to polarization. The main result is eqs. (2 . 20-2 . 21 ). In section 3 we compare the results with optical model calculations and experimental data. In section 4 we examine previous models, and summarize the results. Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphys:019790040010100 2. Semiclassical theory. - The semiclassical theory using real trajectories is discussed by Ford and Wheeler [6] . An excellent review is given by Berry and Mount [7] . Quantum mechanical corrections have been obtained by using complex solutions of the classical equations of motion as shown by Miller [8] and Balian and Bloch [9] . In particular, an accurate description of diffraction is only possible when complex trajectories are included. This case was treated by Knoll In principle one should find the solutions ro of (2.4) leading to a real scattering angle : 0(ro) = ± 0.
These solutions are complex and produce the phase for bS ± = bE ± + i 8I ± . A somewhat more transparent expression can be obtained by rewriting (2.15) as In case the geometries are different, the ratio in (2.16) depends on r±, the solution of (2 . 4) for O(r 0) = ± 0. [13] .
(b) This potential is from reference [15] , except that the spin orbit strength has been adjusted to reproduce the data of reference [11] .
(C) From reference [14] , with the spin orbit strength chosen to roughly reproduce the polarization.
In the case the spin-orbit potential contains an imaginary part, (2.20b) tive. This is indeed verified in the full quantum calculation with the altered optical potential (Fig. 2) .
When the Coulomb interaction is turned off, drastic changes in the polarization can be observed, but the oscillatory behaviour does not fully disappear. So, all the physics of ,u is not contained in the term proportional to 0c. There are contributions from higher order terms that were neglected in (2.20) .
We now turn to 1 GeV proton scattering on 20 8Pb, measured in reference [11] . The experimental pola-(') The factors V and W that multiply or divide a in the corrective factor of (2.21) are in this case to be replaced by VVLS + Wu lys and WVLs -WLs V respectively. The term tan -1 ( V/ W) remains unchanged. (3.3) . The agreee) Relativistic corrections can be handled easily [16] . Simply replace the actual energy E by E( 1 + (E/2 m)) and the potential V by V(l + (Elm». (Fig. 4) . The phase of the ripple is inverted whereas the cross section is barely affected by the variation of aLS. The oscillations are out of phase with d6/d6 for aw &#x3E; aLS, for aW ~ aLS they do not follow the du/dO rule, and for aw aLS the oscillations' are again proportional to da/d0 and in. phase. To summarize, at 1 GeV, the polarization rises with angle. This is due to the strong absorption. The ripple is not due to the refraction as for the 40 MeV case but to the difference in the (absorptive) central and spin-orbit potential shapes. But the same ripples could be obtained by changing the ratio of real to imaginary part in the optical potential and using the same shapes. Microscopic calculations should show which explanation is the correct one.
Finally, we turn to a heavy ion reaction, 'Li + 12C measured at 20 MeV in reference [10] . In this case the optical model calculation does not fit the data very well. We have nevertheless used the parameters of reference [10] with a spin-orbit interaction strength adjusted so as to roughly reproduce the measured polarization. The result of the optical model calculation is shown in figure 5 , together with a fit to the latter using eq. (2.20 (Fig. 6 ). In fact the Jl coefficient calculated using (2 . 20) 
